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1.0 


INTRODUCTION AND EXECUTIVE SUMMARY 


This report presents the conceptual design of a Mechanically 
Scanned Deployable Antenna which can be launched by the STS (Space Shuttle) 
to provide radiometric brightness temperature maps of the earth and oceans 
at selected frequency bands in the frequency range of 1.4 GHz to 11 GHz. 
Unlike previous scanning radiometric systems, multiple radiometers for each 
frequency are required in order to fill in the resolution cells across the 
swath created by the 15 meter diameter spin stabilized system. This multiple 
beam radiometric system (reference Figure 1.0-1) is sometimes designated as a 
"whiskbroom" system in that it combines the techniques of the scannin'^ and 
"pushbroom" type systems. 

The scope of the study includes (a) the definition of the 
feed system including possible feed elements and location, (b) determination 
of the fundamental reflector-feed offset geometry including offset angles 
and f/D .atio, (c) preliminary estimates of the beam efficiency of the feed 
r'ef lector system, (d) a summary of reflector mesh losses at the proposed 
radiometric frequency bands, (e) an overall conceptual configuration design 
and (f) preliminary structural and thermal analyses. 

This Final Report is organized as follows: 

t Section 2.0 - Requirements Summary. 

f Section 3.0 - Description of the Conceptual Design. 

f Section 4.0 - Projected System Performance. 

f Appendix - Detailed Description of the NLSA (Harris 

Proprietary Non-Linear Structural Analysis 
Program) Model of the Design. 

The Mechanically Scanned Deployable Antenna (MSDA) is a 15 
meter offset fed parabolic antenna designed for use in a mechanically scanned 
spaceborne sensor system. The sensor measures brightness temperatures and 
normalized backscatter coefficients to determina sea surface temperatures 
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(SST), wind speed, soil moisture, and precipitation (active channel) from a 
low orbiting satellite (700 KM). The antenna improves up to 4 times the 
spatial resolution for sea surface temperature over the Large Antenna Multi - 
frequency Microwave Radiometer (LAMMR). 

Based upon the background of such remote sensing needs, the 
MSDA system was conceived with the detailed requirements in Section 2.0, 

Table 2.0. The basic system under consideration is a scanning antenna, where 
the feed and reflector system are fixed relative to the spacecraft bus and 
the entire system is spun at a 6 rpm rate. At this rate, chosen deliberately 
slow in order to allow a flexible deployable antenna, a single-beam one- 
radiometer-per-frequency system will not have contiguous beams at the end of 
each rotation due to spacecraft motion relative to the earth's surface. 

Therefore, a multi beam antenna with an independent radiometer connected to 
each beam at each frequency is required. Such- a system, or so called "whiskbroom" 
radiometer is depicted in Figure 1.0-2. 

Use of a multibeam feed, while simplifying and improving system 
radiometer performance, necessitates use of much heavier feed hardware and 
electronics. One must then trade supporting either the feed or the reflector 
from a boom. Since they both weigh approximately the same the structural 
trade is of minor concern. Thus the conceptual approach supports the reflector 
with the boom allowing the feed to reside on the bus itself, thereby minimizing 
transmission losses from feed to receiver. 

The conceptual antenna feed system developed by Harris Government 
Electronic Systems Division (GESD) is an offset fed, IBM, deployable reflector 
antenna connected to the main spacecraft by an IBM deployable boom. The offset 
angle of approximately 35° was choosen to place the feed hardware sufficiently 
out of the projected reflector aperature to minimize diffractions. The deployable 
mast and reflector system stows in a launch configuration next to the feed on 
the spacecraft. The total weight of the tower support and deployment structure 
is about 394 pounds. The antenna feeds weigh 184 pounds assuming that corrugated 
horns are used as the baseline design. The baseline narrow-angle corrugated 
horns at 1.4 GHz, 4.3 GHz, 5.1* GHz and 11.0 GHz horns exhibit low spill-over 

*4.3 and 5.1 GHz in one horn. 
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Figure x.0-2. Whiskbroom Scanning Radiometer System 







efficiencies (<5%). These horns, when placed physically in-line and adjacent, 
produce a surface resolution cell pattern with missing alternating cells. In 
order to fill in the empty cells, the time scanning whiskbroom feature of the 
system is used v.ith horns placed on the side and staggered in between the first 
line of horns. We may physically stagger the horns in this manner with minimum 
degradation in performance due to the offset f/D ratio of 1.2. Such a large 
f/D ratio was chosen not only to allow scanning but to reduce the cross-polariza- 
tion levels to about -30 dB. The preliminary beam efficiency calculations 
(Figure 1.0-3) indicate that the specification of 90% can be met even for four 
or five horn displacements off-axis. 

The electrical properties of the mesh surface were investigated 
and all data from past programs was compiled and reviewed. This surface loss 
property is of particular concern in space radiometric applications due to the 
environmental effects upon the antenna loss. All present data and modeling 
calculations for the 10 openings per inch gold-plated molybdenum mesh chosen 
for this application indicate that loss values less than 0.1 dB are possible 
for frequencies up to 11.0 GHz. No significant change in the mesh reflector 
surface impedance is expected under changing solar conditions. 

The mechanical -thermal analysis performed on the Harris concept 
clearly indicate that the spin effects produce only minor distortions. Indeed 
the antenna can be dynamically balanced by changing the attachment location on 
the spacecraft. The largest distortion is an axial defocus of about 0.628 inches 
due to thermal gradients. Axial defocusing in such long focal length optics 
systems is generally acceptable. The RMS surface tolerance error for this design 
degrades the beam efficif ncy of the antenna system at X-Band to a value below 
90%. 
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Figure 1.0-3. Beam Efficiency of a Random Rough 
Surface Reflector 
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2.0 REQUIREMENTS 

The MSDA system is a mechanically scanned radiometric system 
attached to a spinning spacecraft. The basic requirements for the system are 
given in Table 2.0. 


Table 2.0. Pi'-iuirements for the MSDA System 


Stowed Volume 

4M Diameter Cylinder X 7 Meters Long 

Stowed Resonant Frequency 

25 Hz 

Scanning Resonant Frequency 

12 Hz 

Platform Spin Rate 

6 rpm 

Conical Scan Axis 

35° 

Altitute 

700 KM 

Orbit 

Sun-Synchronous 

Aperture Size 

15M 

Operating Frequencies 

1.4, 4.3, 5.1, 11 GHz 

Beamwidth 

1.03 (1.4 GHz), 0.35 (4.3 GHz) 
0.3 (5.1 GHz), 0.35 (11 GHz) 

Number of Beams in Track 

5 (1.414 GHz), 11 (4.3, 5.1 GHz) 
11 (11 GHz) 

Beam Efficiency 

90% 

Surface Mesh Loss 

<0.1 dB 

Cross-Polarization 

>28 dB 

In addition to these basic requirements, the system must be dynamically 

balanced and capable of being 

launched in a single shuttle flight. 


7 


3.0 


PRELIMINARY DESIGN 


3.1 Stowed System Descripti on 

The stowed radiometer system. Figure 3.1, is mounted to the 
forward bulkhead of the spacecraft. The tower and reflector stow above the 
feed assembly. The reflector is supported both by the tower and by a pair 
of auxiliary support trusses (not shown) that reach from the forward bulkhead 
of the spacecraft to support the reflector hub. 

3.2 Deployed System Description 

The deployed radiometer system, Figure 3.2, consists of the 
spacecraft, with the feed/radiometer assembly attached, the tower support and 
deployment structure consisting of a four-bar linkage formed from a supporting 
truss and a screw-jack assembly, a deploying, rigid, three-sided tower, and 
the deployable reflector. The reflector surface forms a section of a paraboloid, 
15 meters in diameter, starting 3 meters out from the vertex of the parent 
parabola. The entire riyio a‘"sembly, including the spacecraft, spins about the 
axis of the spacecraft, sweeping a 70 degree included-angle cone. In normal 
use, the feed points away from the Earth and the reflector collimates the beam 
and reflects it back toward the Earth. Thus, the rotation traces overlapping 
circles across its track along the ground. 

To select this configuration, a trade between supporting the feed 
or reflector from the boom became apparent. By placing the feed on the space- 
craft, the multiple horns are in close proximity to the receivers and on-bof'”d 
power supplies and processors. The weights of the reflector and feed are 225 
and 184 lbs respectively, thus supporting the reflector from the boom or the feed 
from the boom present similar structural problems. Because of the advantages 
of having the feed in close proximity to the bus, the configuration as shown 
is selected. While this does not meet the 12 Hz fundamental frequency, the 
effects of lower stiffness is addressed in Section 4.0. 

3.3 Deployment Sequence 

The radiometer system reaches orbit with the tower and reflector 
stowed. Upon reaching orbit, the reflector support braces swing away, free- 
ing the reflector. The screw jack then retracts. Figure 3.3-1, rotating the 
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tower and reflector to their final offset angle. The tower deploys, Figure 

3.3- 2, carrying the stowed reflector with it. The last liection of the tower 
forms the transition between the triangular section of the tower and the two 
folded reflector ribs. Next, the reflector deploys. Figure 3.3-3. The reflector 
is deployed by the gearmotor and ballscrew assembly located in the hub. As the 
reflector unfolds, the rib-to-tower transition segments, located at the ends 

of two of the ribs, also unfold being driven and controlled by the same linkage 
that deploys the rest of the reflector. As deployment nears completion, two 
folded struts on each of the two reflector mounting ribs are pulled straight. 

As they come straight, the folding joints lock, making the struts rigid and 
capable of withstanding compressive loads. As the reflector deploys and the 
ribs separate, the last section of the tower opens laterally, completing the 
triangular section out to the reflector. Finally, the feed assembly deploys 
laterally. Figure 3.3-4, to its proper position with respect to the reflector. 

At this point, the radiometer system is a rigid assembly, capable of withstand- 
ing torsional and moment loads in any direction, and with its spin balance 
axis coincident with the centerline of the spacecraft. 

3.4 Feed Preliminary Design 

A sketch detailing the layout of the feed array appears in 
Figure 3.4-1. The circles represent the outer contours of the corrugated feed 
horns as viewed from the antenna along the principal axis. The vertical axis 
(y^) in Figure 3.4-1 corresponds to the vertical feed axis appearing in the 
antenna system geometry sketch (Figure 3.4-2). Feed horns are numbered 1 thru 
27 for simplification of identification. The coordinates of the geometric center 
of each feed, as measured in the feed plane (Figure 3.4-1), are listed in Table 

3.4- 1. 

A corrugated conical horn is considered to be an ideal feed for 
a parabolic ■. eflector system because of its high efficiency, nearly equal E- and 
H-plane beamwidths, and a wide frequency bandwidth. Typically, at C-band or 
higher frequencies, the entire horn is made from aluminum, either cast or 
machined in sections. At L-band the horn can be fabricated from aluminum sheet. 
The latter technique requires each corrugation ring to be machined separately, 
then inserted into an aluminum cone. The corrugation depth of each feed is 
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Figure 3.3-2. Tower Deploys a ‘c tches to Support Reflector 
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Figure 3.4-1. Feed Array Layout 
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Figure 3.4-2. Antenna System Geometry 
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Feed 

Number 

Xf-Displacement (meters) 

Yf-Displacement (meters) 


-1.30C 

0.455 

2 

-1.300 

-0.455 

3 i 

-0.513 

0.909 

4 

-0.513 

0.000 

5 

-0.513 

-0.909 

6 

0.0 

0.291 

7 

0.0 

0.175 

8 

0.0 

+0.058 

9 

0.0 

-0.058 

10 

0.0 

-0.175 

11 

0.0 

-0.291 

12 

0.101 

0.233 

13 

0.101 

0.117 

14 

0.101 

0.000 

15 

0.101 

-0.117 

16 

0.101 

-0.233 

17 

0.308 

0.745 

18 

0.308 

0.447 

19 

0.308 

0.149 

20 

0.308 

-0.149 

21 

0.308 

-0.447 

22 

0.308 

-0.745 

23 

0.566 

0.596 

24 

0.566 

0.298 

25 

0.566 

0.000 

26 

0.566 

-0.298 

27 

0.566 

1 

-0.596 
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assumed to be 3/8 A . The remaining physical dimensions are listed in Table 
3.4-2, with an associated sketch in Figure 3.4-3. It should be noted that 
the length, L, of the horn is approximate in that it is calculated assuming 
a circular waveguide radius of 0.5 X. Other horn types such as the Potter 
horn can be useful for this application at 1.4 GHz and 11.0 GHz due to the 
narrowband performance required. It should be noted that in this preliminary 
design, the 11.0 GHz horns produce a 0.16° beamwidth. Ways of increasing the 
beamwidth to 0.35° are discussed in Paragraph 4.4. 

3.5 Tower Design 

The design requirements of the deploying tower are as follows: 

• Small stowed package (25 inch height envelope) 

• High stiffness (dynamic loads) 

• Structural capability during deployment (stiffness of 
Pa'^tially open structure) 

• Repeatable joints (repeatable tower length) 

f No rotation during deployment (electrical interfaces) 

The proposed tower design meets all of these requirements and 
creates a stable link between the reflector and the spacecraft (Figure 3.5-1). 

The tower design was developed by HGESD on IR&D Program No. 82-4150. On this 
IR&D program a breadboard model of the tower design has been built and tested. 

Figure 3.5-2 shows the tower model. The tower is constructed of four identical 
structural bays and one adapter bay. Tower bay dimensions and elen.ent descriptions 
are shown in Figure 3.5-3. The tower is a folding triangular truss structure, 
that deploys as shown in Figure 3.5-4. Note that the basic tower design is easily 
scaled to fit a wide range of applications and requires no built-in twist during 
deployment. These features make it more attractive than an astromast type design. 

During deployment the longerons unfold and latch at joints in 
the center and at each bay interface. As all three longerons unfold simultaneously, 
the upper and lower bay platforms move farther apart, increasing bay height. 

When the tower is stowed, the rod diagonals are elastically buckled outward into 
a circular arc. This stored energy is used to deploy the tower. The longerons 
are stowed along side the platforms, from corner to corner. Deployment of the 
tower is controlled by a central lanyard as depicted in Figure 3.5-5. Addition 
of delatch cords also allows restow of the tower if required. 
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Figure 3.4-3. Corrugated Feed Horn Geometry 
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Figure 3.5-2. The Tower Design Has Been Built and 
Tested on IR&D Program No. 82-4150. 
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LONGERONS 

2.0 INCH OD 

0.060 INCH THICK GFRP 
PLATFORM MEMBERS 

1.0 INCH OD 

0.020 INCH THICK GFRP 
LONGERON AND PLATFORM GFRP 
MODULUS E => 18 X 10^ PSI 
CTE - 0.1 X 10"®/®F 

(0°2.±50°HMS LAYUP) 
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DIAGONALS 

0.025 INCH OD 3FRP ROD 
MODULUS E = 29 X 10® PSI 
CTE = -0.12 X 10"®/®F 
TOWER PROPERTIES 

BENDING STIFFNESS. El = 2 X 10^® PSI 
AXIAL STIFFNESS, EA « 2 X 10^ LB 
BENDING, Mjjp, = 1.96 X 10® IN-LB* 

COMPRESSION, Pgp “ 2530 LB* 

WEIGHT =120 POUNDS 

TORSIONAL STIFFNESS = 0.5 X 10® IN*/RAD TOTAL TOWER 
*LOCAL LONGERON CONDITION 

810747A 


Figure 3.5-3. Tower Design and Performance Parameters 
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3.6 


FRR Reflector Design Description 

Figure 3.5 illustrates the basic Folded Radial Rib Reflector 
(FRR). The FRR concept uses a highly efficient truss design to provide a 
high FRR stiffness to weight ratio. The rib structure of the truss is segmented 
with articulating joints to give a comp=»rt stowed package. This design is 
then mated with the mesh surface design as used on the TDRSS antenna. The 
potential benefits of the concept are: 

t Compact Packaging 

• High Reflector Surface Accuracy 

• High Stowed and Deployed Stiffness 

• Low Weight 

• Low Moments of Inertia 

t Slow, Motor Controlled Deployment 

3.6.1 FRR Structure Design 

The baseline FRR design, illustrated in Figure 3.6. 1-1 shows the 
elements of the truss rib as well as the members which connect adjacent ribs. 
Figure 3.6. 1-2 shows the side view of a single rib attached to the reflector 
hub. Latching joints are shown at two locations, inboard and outboard of the 
intersection of the radial rib members and the compressive, vertical strut. These 
latching joints must lock to form inboard and outboard rigid members. The non- 
latching joint between them remains free to rotate in the plane of the truss 
preserving the structural characteristics of the pinjointed truss. These joints 
are discussed later in this paragraph. 

Figure 3.6. 1-2 also shows the location of joints in the solid, 
graphite composite rods which form the truss. The placement of these joints 
is selected to allow the truss to fold and deploy with only planar motion. 

Figures 3.6.1 through 3.6. 1-5 illustrate the FRR rib deployment sequence. 

Small clips, or rod guides, attach to the main structural members and joints 
to support the tension rods while stowed. The deployment of the rib pulls the 
rods free from the rod guides. As discussed previously, a four-bar linkage 
connecting the radial rib menbers synchronizes and controls the deployment. 
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Figure 3.6. Basic Folded Radial Rib Antenna 
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Figure 3. 6. 1-1. FRR - Two Rib Geometry and Materials 
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Figure 3.6. 1-2. FRR - Single Truss (Side View) 
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Figure 3.6. 1-3. Rib Deployment Initial Phase 
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Figure 3.6. 1-4. Rib Deployment Sequence Intermediate Phase 
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Figure 3.6. 1-5. Rib Deployment Sequence - Final Phase 
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Figure 3. 6. 1-6 shows the 12-rib structure fully stowed. Mesh and 
surface cords have been omitted for clarity. In this position all tension rods 
are folded and held in the tension rod guides. Deploying standoffs at the rib 
tips are held parallel to the ribs by clips. 

The rib launch restraint design is shown in Figure 3.6. 1-7. The 
restraint spoke attached to the rib tip and outer joint is made from a titanium 
cable with a ball fastened to the free end. These balls are held inside sockets 
during a deployment sequency by actuation of non-explosive initiators in the 
restraints. The spokes (with balls) remain attached to tne rib, but do not 
interfere with the reflective surface. The proper preload in the spokes, while 
stowed, locks the ribs together. This concept has been successfully used in the 
Tracking and Data Relay Satellite Antenna. 

The Mechanical Drive System (MDS) controls the deployment of the 
reflector. It is located at the upper end of the hub (see Figure 3. 6. 1-8) and 
is attached to the innermost radial -rib member. Deployment force is transmitted 
to the other three radial members by the four-bar linkage. Tension rods are 
pulled free from the tesnion rod guides and clips by the rib action. Figure 
3.6. 1-9 shows more detail of the MDS with the right-half stowed and the left-half 
deployed. A threaded carrier, moved by the drive screw rotation, is shown in 
both positions. Linkages drive the 12 ribs to their deployed positions 
simultaneously. Once fully deployed with the inner and outer rib joints latched, 
the rib assumes the characteristics of a pinned-end truss. Restowing the 
reflector is possible by releasing the latched joints and reversing the drive 
motor. Restowage on-orbit is not a requirement of the anticipated mission 
application, but is valuable for ground handling capability. 

The proposed latching joint for the radial rib members is shown in 
Figure 3.6.1-10. The mechanism is similar to a compass divider where the drive 
link roller slides inside tracks. This results in symmetric deployment of the 
link rollers. It is lightweight and has a high deployed stiffness when fully 
preloaded. Latching is accomplished by the overcenter travel of the drive link 
roller. This same joint can be constructed to be nonlatching by preventing the 
overcenter travel. Figure 3.6.1-11 illustrates the deployed joint. 
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Figure 3.6. 1-7. Rib Launch Restraint Design 
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Figure 3.6. 1-9. FRR - Mechanical Drive System and Restraint Mechanism 
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Figure 3.6.1-11. Latching Joint Deployed (Operational) Position 


39 



3.6.2 


Surface Design 

The surface deilyii used on the FRR structure is a dual drawing 
surface system. The design involves the placement of a secondary structure 
behind the primary reflective surface and joining the two with a sufficient 
number of ties to achieve the desired surface accuracy. Figures 3. 6. 2-1 and 
3.6. 2-2 illustrate the dual drawing surface concept, showing the placement of 
the connecting ties. 

The implementation of this surface involves the use of a gold 
plated mesh to from the reflective surface, multistrand graphite cords to create 
the jrfacr contour, graphite epoxy strips to establish gore boundaries, and 
adjustable standoffs by which the reflective surface assembly is attached to the 
graphite radial ribs. The reflective mesh is a 0.0012 inch diameter gold plated 
molybdenum wire knitted into a tricot pattern with ten openin'is per inch. 

Molybdenum with its high strength, low coefficient of thermal expansion, and 
excellent plating characteristics results in a highly reflective surface with 
relatively low tensions, good resistance to handling, and minimal thermal 
interaction with the graphite cord and graphite rib supporting structu*"e. Pre- 
plating with gold assures minimal interfilament friction with uniform, optimum 
thickness for RF reflectivity. The tricot knit is most familar as the double- 
knit fabrics that are popular for their ability to "give" in two directions without 
unravelling at the edges or with broken strands. 

Structural and RF properties of the mesh are discussed in Section 

4.0. 


Multi strand graphite cords are used to form a thermal insensitive 
substructure which combines with the GFRP ribs to form a foundation for the mesh. 

The circumferential arrangement of cords increases the effective resistance of the 
ribs to axisymmetric loading produced by thermally induced mesh tension variations. 
The negative thermal coefficient of expansion of the cords interacts with the rib 
and mesh thermal properties to produce a near optimum condition for tnermal 
stability. 

Cords on the front (feed) side of the reflector are drawn into 
the '-sired parabolic contour by connecting these front cords to a parallel set 
of cords located behind the ribs through a number of Beta-glass ties. The ties 
are made of Beta-glass to provide a measure of handling strength (15 pounds tension) 
and for ease of joining. 
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Figure 3. 6, 2-1. The Contour and Contour Attachment Design Utilizes 

Technology from the TDRSS Program 
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Figure 3. 6, 2-2. Rib Segment and Cord Interfaces 



The mesh is bonded to unidirectional graphite strips over each 
rib. Strips from adjacent gores are overlapped with a mesh-to-nesh interface, 
riveted together, and suspended by rib standoffs. A deployable standoff at the 
rib tip defines the location of the strip at the periphery of the reflector and 
adjustable ties provide axial "float" in the remaining locations. Invar hinges 
allow the edge strips to fold for stowage. 
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4.0 


SYSTEM PERFORMANCE 


4. 1 Weight and Stowed Volume 

The complete radiometer system, including polarizers, horns, 
tower and reflector, but not including the radiometer circuitry and its 
packaging, weighs 578 pounds. Table 4.1, and stows in a volume 4.0 meters in 
diameter, 4.9 meters long. A detailed weight distribution is included in the 
Appendix. 

4.2 Deployed Analytic Model Description 

To estimate performance of the offset fed reflector and tower 
system, the finite element model (FEM) of Figures 4.2-1 through 4.2-5 was 
developed. The model, consisting of 200 nodes, simulates all members of the 
FRR rib and truss backup structure and condenses the RF reflective surface 
into 4 cord pairs and 12 mesh elements per gore. The reflective contour itself 
is represented by 85 surface nodes to accurately characterize RF performance. 

A detail listing of the model is presented in the Appendix. 

As with all structures of this nature, the stiffness of the 
system depends upon, to some extent, the pretension in the mesh and cord 
elements. This pretension stiffness is modelled with pretensional "stringer" 
elements and triangular, pretensioned, orthotropic "membrane" elements. The 
single gore of Figure 4.2-6 indicates the preloads associated with each member, 
including the compression loads in the ribs and vertical strut. For details of 
member sizes, material properties, etc., reference the Appendix. 

4.3 Deployed Analyses 

Having generated model of the deployed system, performance of 
the spinning reflector is estimated. The effects of the 6 rpm spin rate, 
thermal environment and basic vibrational modes are investigated. 
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Table 4.1. Weight Budget 


Weight (Pounds) 


Feed Horns and Polarizers 


1.4 GHz 

5 0 28 lbs. ea. 

= 140 

4.3 GHz 

11 0 3.2 lbs. ea. 

= 35 

11 GHz 

11 @ 0.8 lbs. ea. 

= 9 

Tower Support and Deployment Structure 

46 

Tower 


^5 

Reflector 


225 

Cabling 


28 


Total Weight 578 
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Figure 4.2-1. MSDA Finite Element Model 




Figure 4.2-2. MSDA Finite Element Model 
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Figure 4.2-3. MSDA Finite Element Model 
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Figure 4.2-4. MSDA Finite Element Model 
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Figure 4.2-5. Mesh Surface Modelled with 144 Iriangular 
Membrane Elements Connecting 85 Nodes 
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BOARD REAR CORD. 3.5 LB 
ERCOSTAL.5.7 LB 
“OOP. 22.5 LB 
JTBOaRD 

FRONT CORD. 7.2 LB 
-STANDOFF, -54 LB 


TRIP. 24 LB (TtP)/ 
.0 LB (ROOT)^ 


RIB. -94 LB 


AL. 29 LB 


STRUT, -34 LB 


LOWER TRUSS. 20 LB 


HIB, 103 LB 


Figure 4.2-6. Structural Preloads 
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4.3.1 


Dynamic and Spin Effect:. 


The most important aspect of this effort is tn quantify the effect 
of the 6 rpm spin rate on surface performance. This task consisted of two parts: 
align the reflector and spin axis to balance the tower and reflector system, and 
predict surface distortions at 6 rpm. Dynamic balancing of the system is achieved 
by positioning the spin axis so that it passes through the CG of the system. The 
final geometry selected to achieve this goal is depicted in Figure 4.3.1. The 
weight moments of inertia of the structure about the axis system defined in the 
figure are: 


Structure Weight: 319.7 




• 


r 


69.16 inches 


Center of J — 




Mass 1 ^ 


0.0 inches 


b 

- 

0.0 inches 


^xx 

= 

1.0331 X 10^ 

in^ 

lyy 

= 

2.0521 X 10^ 

in2 

'zz 

= 

2.3537 X 10^ 

in' 

^XY 

= 

4.7458 X 10^ 

in' 

'xz 

= 

0.0 in^ lb 


lyz 

= 

0.0 in^ lb 



At a spin rate of 6 rpm 

parameters, by: 

Defocus (AF) 

Surface Roughness RMS 
Mechanical Mispointing 


lb. (includes tower and reflector, 
excludes feed and cabling) 


lb 

lb 

lb 

lb 


the surface distorts, in terms of parabolic 

-0.126 inches 
0.007 inches 
0.021 degree 


The negative defocus, opposite of what one might expect, results from tne 
compliance of the truss rods and high axial stiffness in the rib members. 
Spinning causes a small elongation in the upper (rib) members and a larger 
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elongation in the lower (rod) truss members forcing the reflector to close 
and hence drive the defocus negative. Given adequate knowledge of the spin 
rate, geometry and mass properties, all or at least a significant amount of 
this defocus can be removed by biasing the antenna during manufacture. 

The two lowest natural modes of the antenna were found by 
eigenvalue extraction to be: 

0.55 Hz combination of tower twist and bending mode. 

1.54 Hz rocking of the antenna about the tower to reflector 
interface. 

4.4 RF Performance 

An initial tradeoff study was performed to define the possible 
range of f/D ratios, feed aperture sizes, an-' feed spacings. Baseline 
parameters used in this analysis were an operational frequency of 4.3 GHz, a 
circular feed aperture, a 15 meter offset reflector, feeds located at, or in a 
plane containing, the focal point of the paraboloid, and a circularly symmetric 
far*field pattern with a cosine amplitude and phase distribution. This feed 
pattern is characteristic of a wideband corrugated conical horn as described 
in Reference (1), with th.. aperture amplitude and phase distributions given by: 



where A is the aperture radius and r ranges from 0 to A. The variable for 

the tradeoff study 'were f/D ratio, aperture radius, feed spacing, and reflector 

offset. 

For this analysis, it is assumed that the phase center of each 
feed horn is located near the aperture plane, thereby allowing all feed apertures 
to lie in the feed plane as defined in Figure 4.4-1. The principal axis, 
defined to be orthogonal to the feed plane, bisects the angle which subtends 
the reflector when viewed from the focal point. This then determines the feed 
tilt angle. 


54 



ORIGINAL PAG! 

OF POOR OUALITV 



Figure 4.4-1. Antenna System Geometry 
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The initial tradeoff study was performed at 4.3 GHz, using the 
above mentioned wideband feed horn. To obtain low cross-polarization levels 
in the secondary beam, f/D ratios greater than 0.5 are necessary in accordance 
with Figure 4 of ^ ^erence (3). Values for f/D of 0.5, 0.7, and 0.9 were 
then chosen. In c ri. to meet the high beam efficiency requirement (>90%), 
reflector edge illumination in the range -10 dB to -20 dB is needed. H was 
determined that this requirement leads to an exceedingly la ge wideband feed 
horn. As a compromise, the edge illumination requirement was relaxed to -7 dB, 
resulting in a 0.45 meter aperture radius with approximately 65% beam efficiency. 
Two patterns were then computed for each f/D ratio; the first, with the feed 
horn located at the focus, and the second, with the feed offset one diameter 
along the vertical feed axis (feeds adjacent to one another). It was found in 
each case that the far-field beam crossover points were in the range of 20 dB 
to 25 dB down from the peak value. To obtain a continuous mapping of the earth's 
surface, it is necessary for the beam overlay to fall within 3 dB to 6 dB down 
from the maximum value of the beam. The wideband horn, therefore, appears to be 
unacceptable for this design unless unreasonably large Feed dimensions can be 
tolerated. 

To reduce the overall size of the feed and attempt to meet the 
far-field beam crossover and beam efficiency requirements, a narrowband corrugated 
conical horn was selected. A procedure identical to the one followed for the 
wideband feed analysis was used in this analyses. The assumed horn aperture 
amplitude and phase distribution is given by: 

A (r) = cos 

P (r) = Att ^1 - cos 

At 4.3 GHz, using an aperture radius of 0.123 meter, the calculated radiation 
patterns revealed that the far-field beam crossover points were still greater 
than 15 dB down from the beam peak. It was noted at this point that a feed 
horn offset one-half the diameter of the aperture would yield a far-field 
beam displacement of approximately one beamwidth, which corresponds to a 3 dB 
to 4 dB beam overlay. With the sweep scanning nature of this antenna in mind, 
a 3 dB to 6 dB beam crossover can then be obtained with the feed layout of 
Figure 4.4-2. 
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Using the feed arrangement, it is then possible to choose the 
lower f/D ratio (=0.5), yielding a shorter boom length. The remaining 
analysis was then performed using the antenna system geometry of Figure 
4.4-1. 

The narrowband corrugated conical horn design procedure given 
in Reference (2) was then used to refine the design of the 4.3 GHz horn, and 
this design was scaled to 1.414 GHz and 11.0 GHz. Final design parameters for 
each horn are given in Table 4.4-1, with an associated sketch in Figure 4.4-3. 

The feed beam efficiency is approximately 93% and reflector edge illumination 
is -12 dB. A corrugation depth of 3X/8 was assumed, adding 3X/4 to the total 
diameter. The final feed horn layout as it appears in the feed plane is seen 
in Figure 4.4-4. 

Computer analysis was performed on the 4.3 GHz case to verify 
the 3 dB to 6 dB beam overlay. A computer run catalog appears in Table 4.4-2 
with the corresponding plots in Figures 4.4-5 through 4.4-10. Only a vertical 
offset was considered for this analysis, i.e., - offset equal to zero. Beam 

crossover, for each scan case, lies between 4 dB and 6 dB, with a 3 dB beamwidth 
of approximately 0.32°. The maximum cross-polarization level was 29.86 dB 
below the beam peak. This compares favorably with the predicted value in 
Reference (2). At the maximum feed offset position, gain loss due to scan was 
less than 1 dB. 

Entering the curve in Figure 4.4-11 and assuming a 93% beam 
efficiency in the perfect reflector case, and a roughness of O.OlA., the proposed 
design is close to 90% beam efficiency. Further refinement in these calculations 
are required to obtain precise calculations. 

4.5 Mesh Analyses 

The most commonly used mesh is composed of gold-plated molybdenum 
wire 1.2 thousaridths of an inch in diameter. A closeup view of the wire knitted 
onto a conducting mesh is shown in Figure 4.5-1 which also shows an optical target 
located on the surface. 


58 



Table 4.4-1. Feed Geometry 


1.414 GHz Horn 

a = 0.375 meter 

R =1.60 meter 

= 13.555*^ 

A = 0.21 wavelength 

Dia = 0.909 meter 


4. 3 GHz Horn 

a = 0.123 meter 

R = 0.526 meter 

= 13.52° 

A = 0.209 wavelength 

Dia = 0.298 meter 


*11 .0 GHz Horn 

a = 0,048 meter 

R = 0.206 meter 

6q = 13.47° 

A = 0.208 wavelength 

Dia = 0.1165 meter 


*The 11.0 GHz horn was obtained by scaling the 4.3 GHz design. This smaller 
horn then results in a far field beamwidth of 0.16°, approximately one-half 
the desired 0.35°. To increase the beamwidth several approaches are available. 


1. Increase the size of the horn, thereby under- i 1 luminating the disk and 
increasing the beamwidth. This would require moving the 4.3 GHz feeds 
to make additional space available for these larger horns. 

2. Defocus the 11.0 GHz feeds along the principal axis toward the reflector, 
producing a quadratic phase distribution in the aperture of the dish, thereby 
increasing the beamwidth. 

3. Loading of the existing feeds to under- i 1 luminate the reflector, and thereby 
increase the beamwidth. 


59 





(a) 


Figure - 


6 





OF POOR QUALflY 



8203M 


Figure 4.4-4. Feed Array Layout 


Table 4.4-2. Computer Run Catalog 



Corresponding Feed 
Horn Number in 
Figure 3. 2. 3. 3-4 


0.0 5 

0.149 6 

0.298 7 

0.447 8 

0.596 9 

0.745 10 


25 

19 

24 

18 

23 

17 
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Figure 4.4-8. 
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Figure 4.4-9. 
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Figure 4.4-11. Beam Efficiency of a Random 
Rough Surface Reflector 
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A number of methods have been used to characterize the electrical 
properties including waveguide sample insertion methods, free space transmission 
methods, etc. The most common method presently used at Harris is the free space 
method shown in Figure 4.5-2. Here a sweeper method is used which allows the 
clear resolution of any space standing waves between the horns and the sample 
holder. Measurements are readily made ove^’ a wide range of frequencies and 
incidence angles. Using this system extensive measurements of transmissivity 
loss have been made, a sample of which is given in Figure 4.5-3. The calculations 
shown in Figure 4.5-3 were performed by a mesh analysis program developed and 
verified in extensive measurements on the TDRSS program. The basic theoretical 
model of the mesh is given in Figure 4.5-4. This model which includes the surface 
impedance and junction impedances is very adequate for mesh with up to 10 openings 
per inch. For such mesh, as found on TDRSS, if the openings are in the order of 
0.1 wavelengths, polarization effects can result in different loss values. 
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Figure 4.5-3. 
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Figure 4.5-4. 
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APPENDIX 


ANALYTIC MODEL 


A-1 



The finite element presented herein employs the Non-Linear 
Structural Analysis (NLSA) program, a general purpose finite element program 
proprietary to Harris, Government Electronic Systems Division. While the 
model does not employ NASTRAN, the inputs presented are readily adapted to 
NASTRAN. 

In the listing that follows, the reader will find the raw 
data for material properties definition, node point geometry, stringer, 
mesh, and beam element connecturaties, beam crossectional data and a 
complete nodal weight distribution. In addition, the data is listed in 
convenient, easy- to-read tables. 
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CilOKI<lNAU SVSUPS ARE USLU AS FOLLONS 
LTLINORICAL POLAR SYSTEM EUR DISPLAY UF STRUCTURAL 
UISPLALEPLNTS. the LLUUAL '2' AXIS IS THE AXIS OF SYMMETRY, 
THUS 16 VlEHlNG DISPLACEMENTS, OUT I IS A RADIAL OIPLACCMENT 
ANb DUE 2 AND DOE2 ARE CIRCUMFERENTIAL AND BORE AXIS 'OR Z* 
DISPLACEMENTS. 

NUTE, FORCES (APPLIED LOADS) ARE ALSO IN THIS SYSTEM. 

IS A CARTESIAN SYSTEM THAT DEFINES THE VERTEX AND 
HORE Axis OF THE OFFSET PARABOLA. JA (246) TO JB (247) 
DEFINES The BORE AXIS (POINTING DIRECTION) OF THE ANTENNA, 
IS A SYSTEM THAT DEFINES THE SPIN AXIS OF THE SYSTEM 
NlTH RESPECT TO THE REFCECTUR. 

JA (240) TO JB (249) DEFINES THE SPIN AXIS. 

THIS STSTEM IS ALSO USED TO DISPLAY THE NE16HT MOMENTS OF 
INERTIA OF THE SYSTEM, 
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D 






MEMHHANt ELEMENTS 





NO. 

JA 

J8 

MAIL. 

JC mat, name 

ANULL ANbLE ANGLE 

AHLA A H L NX 

NY 

NXV 

TEMP. 

MATL. STNESS 
PRES. ANGLE ANGLE 


1 1 6 7 i MtSh ^.7bt*()5 S2.0 6V.0 5e.9 l.Olb-O? 1.9ilE-0^ 'l.lbE-Oi 0,0 0,0 6.5 0.0 

D 2 21 26 ^7 1 KtSh 2.76E«03 52.0 69.0 5«.9 l.OlE-02 1.96E-02 -l.l6fc-03 0.0 0,0 6.5 0.0 

3 91 96 97 I KESh 2.76E«U3 •■52. 0 69. o 58.9 1.01E-U2 l,9tt£-02 -1.16E-03 0,0 0.0 6.5 0.0 

« 61 6b 67 1 HtSh 2.7bt^03 52.0 69.0 5«.9 l.Olt-02 1.96E-02 -UlbE-OS 0,0 0,0 6.5 0,0 

5 5 81 6c «/ 1 MLSh 2.7bt»03 52.0 69.0 58.9 l.Olt-02 1 .96E-02 -l.IbE-Oi 0.0 0.0 6,5 0.0 

6 101 lOb 10/ 1 KLbh 2.76t*03 52,0 69.0 5«.9 l.OlE-02 1 .98E-02 -1.16E-03 0.0 0,0 6,5 0.0 

7 121 126 127 1 hESh 2.76tto3 52,0 69,0 58.9 l.Olt-02 1.98E-02 -l,l6t-03 0.0 0,0 6.5 0.0 

5 fl I9l 196 197 1 HtSh 2.7bt405 52.0 69. li 56.9 l.OlE-02 1.96E-02 •l.l6t-03 0.0 0.0 6,5 0.0 

9 161 16b 16/ 1 ME5H 2.7bt*95 52.0 69,0 58.9 l.OlE-02 1.98E-02 -1.16E-03 0.0 0.0 6.5 0.0 

10 181 186 18/ 1 8tbh 2.7bt*o3 52. u 69. u 58.9 l.OlE-02 1.96E-02 -1.16E-03 0.0 0.0 6.5 0.0 

3 11 201 20b 207 I E.tSh 2.76t+C3 52.0 69. o 58.9 l.Olt-02 1.98E-02 •1.16E-U3 0.0 0.0 6.5 0.0 

12 221 22b 22/ 1 MtSM 2.7bh*o3 52.0 69.0 58.9 l.OlE-02 1.98E-02 •I.16E-03 0.0 0.0 6,5 0.0 

1 3 7 «: 1 I ►'LSh 1.9|t«03 95.8 90.0 99. ^ 9.99t-03 l.99t»02 2.66E-06 0,0 0.0 0,0 0.0 

5 19 27 22 21 1 (“tiih l,91tt03 95.8 9o.O 99.*; 9.99E~03 1.99£-02 2.65E-06 O.O 0,0 0.0 o.fl 

15 97 92 91 I MtbM 1.9IL+03 95.8 90.0 99.2 9.99t*03 1.99E-02 2,6bE-06 0,0 0,0 0,0 0.0 

16 67 62 bl 1 ^’^SH l,91t + u3 95.8 90,0 99.2 9.99E-03 1.99E-02 2.65E-06 0,0 0.0 0,0 0.0 

3 17 87 82 81 1 MtSH 1.91E+03 95.8 90,0 99.2 9.99t-03 1 .99E-02 2.65E-06 0,0 U.O 0.0 0.0 

18 107 102 101 1 MESH 1.91E403 95.8 90.0 99.2 9.99E-02 1.99E*02 2,66E-06 0.0 0.0 0.0 0.0 

19 127 122 121 1 MESH 1.9lt*03 95.8 90.0 99.2 9.99E-03 1.99E-02 2.65E-06 0,0 0.0 0.0 0,0 

D 20 197 192 191 1 KE5H l.91Et03 95,8 9o.O 99.2 9.99E-03 1.99£-02 2,65t-06 0.0 0.0 0.0 0.0 

21 167 162 161 1 KESh 1.9lEt03 95,8 9o.O 99,2 9.99E-03 1.99E-02 2.6bE«06 0.0 0.0 0,0 0,0 

22 187 182 161 1 MtSh 1.91Et03 95.8 90.0 99,2 9.99E-03 1 .99E-02 2,65E-06 0,0 0.0 0,0 0.0 

D ^3 20/ 202 201 1 f*ES8 1.91t*03 95.6 9o.O 99,2 9.99E-03 l,99E-02 2.65E-06 0,0 0.0 0.0 0.0 

29 227 222 221 1 WESh 1.91E403 95.8 90.0 99.2 9.9aE-03 1.9V£.02 2.66E-06 0.0 0,0 0.0 0.0 

25 2 227 1 1 MESH 1.9.tto3 9o,0 95.8 99.2 9.99E-03 1.99E-02 -2.66E-06 0,0 0.0 0,0 0,0 

26 22 7 21 1 M£58 1.9U + 03 90.0 95,8 99,2 9.99£-03 1 .99E-02 -2.66E-06 0.0 0.0 0.0 0.0 

27 92 27 91 1 MESH 1.9jEt03 90.0 95.8 99.2 9.99E-03 1.99E-02 -2.65E-06 0.0 0,0 0.0 0.0 

28 62 97 61 1 WESh 1,911 *u3 90.0 95.8 99.2 9.9aE-03 1.99E-02 -2.65E-06 0,0 0.0 0,0 0,0 

29 82 67 81 1 KESn 1,91E*03 90.0 95.8 99.2 9.9a£-03 1.99fc-o2 -2.66E*U6 0.0 0.0 0,0 0,0 

JO 102 87 101 I 8LSM 1.9lE»«3 90.0 95.6 99.2 9,9iiE-03 1 .99E-02 -2.65E-06 0,0 0.0 0.0 0.0 

31 122 107 121 1 mesh 1.9lE»03 9o,0 95. 8 99.2 9.99E-0J 1.99E-02 •2.65E-06 0,0 0,0 0,0 0.0 

32 192 127 191 I M 5H 1.9lfc»03 90,0 95.8 99.2 9,99E-0J 1.9VE<>02 •2.66E-06 0,0 0,0 0,0 0.0 

33 162 197 ibi 1 MESH I.91L^<)3 90,0 95,8 99,2 9.99E-03 1.99E-02 -2,651-06 0,0 0,0 0,0 0.0 

39 182 167 181 1 I.91Et03 90.0 95.8 99.2 9.9OE-03 1.99E-02 -2.65t-U6 0.0 0,0 0,0 0.0 

^ 35 202 18/ 201 1 Ml SH 1.9iEt03 90.0 95.8 99.2 9.99E-03 1.9VE-02 -2.66E-06 0.0 0.0 0.0 0.0 

36 222 207 221 1 Mt5h l,9iE^05 90.0 95.8 99.2 9.99E-03 1.99E-02 -2,65E-06 0.0 0.0 0.0 0.0 

37 226 1 227 1 MeSm 2.76E»o3 69. o 52.0 58.9 l.OlE-02 1.9 bE- 02 l.lbE-03 0.0 0.0 -6,5 0.0 

> 38 6 21 7 1 MESh 2.7bE»03 69.0 52.0 5«,9 l.OlE-02 1.98E-02 l.lbE-Oi 0.0 0.0 -6.5 0.0 

39 26 91 27 1 ML38 2.7bE*03 69.0 52.0 58.9 l.OlE-02 1.98E-02 1.16E-03 0,0 0.0 -6.5 0.0 

90 96 61 97 I MESH 2.76E«03 69.0 52.0 58.9 l.OlE-02 1.98E-02 l.lbt-OJ O.fl 0.0 -6.5 0.0 

91 66 81 67 1 MES8 2.76E*03 69,0 52.0 58,9 l.OlE-02 1.98t-02 l,16E-03 0,0 0.0 -6.5 0.0 

92 86 101 87 1 MESm 2.7bE^03 69.0 52.0 58.9 l.OlE-02 1.98E-02 l.lbE-OJ 0,0 0.0 -6.5 0.0 

«3 106 121 107 1 MESH 2.76E«^03 69.0 52.0 58.9 l.OlE-02 1.98E-02 1.16E-03 0,0 0.0 -6.5 0.0 

') 99 126 191 127 1 MESH 2.76E^03 69,0 52.0 58.9 l.OlE-02 1.98E-02 1.16E-03 0.0 0.0 -6.5 0.0 

95 196 161 197 I MESH 2.76Et03 69,0 52.0 58.9 l.OlE-02 l,9aE-02 l,16E-03 0,0 0.0 -6.5 0.0 

96 166 181 167 1 MESH 2.7bE«^03 69.0 52.0 58.9 l.OlE-02 1.98E-02 1.16E-03 0.0 0.0 -6.5 0.0 

-) 97 186 201 187 1 M£SH 2.7bE^03 69.0 52.0 58.9 l.OlE-02 1.98E-02 1.16E-03 0.0 0.0 -6.5 0.0 

96 206 221 207 | M£SH 69.0 52.0 58.9 l.QlE-02 1.98E-02 1.16E-03 0.0 0.0 -6.5 0.0 

99 2 7 8 I MESH 2.2JEt0J 60,5 75.2 99.9 9,99£-0J 2.00E-02 -t.32E-06 0.0 0,0 0.0 0.0 

50 22 27 28 1 MESH 2.23E«03 60.5 75.2 99.9 9.99E-03 2.00E-02 -1.33E-06 0.0 0.0 0.0 0.0 
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73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.ttuO 

87 

40 

8 

STHiP 

1 

STHIP 

110101010 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.ttOO 

107 

1 10 

8 

STHIP 

1 

STHIP 

110101010 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.ttOO 

O.EtOO 

O.ttOO 

127 

130 

8 

STHIP 

1 

STHIP 

imioioio 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOU 

O.ttOO 

147 

150 

8 

STHIP 

1 

STRIP 

110101010 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOU 

O.btOO 

167 

170 

8 

STHIP 

1 

STHIP 

1 10101010 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOU 

O.btOO 

187 

140 

8 

STHIP 

1 

STRIP 

110101010 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOC 

O.ttuO 

207 

210 

8 

STHIP 

1 

STHIP 

1 lOIOlOlO 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOU 

O.EtUO 

227 

230 

8 

STHIP 

1 

'strip 

1 lUlOlOlO 

73.724 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.ttOO 

O.LtOO 

O.ttOO 

8 

12 

8 

STHIP 

1 

STRIP 

110101010 

75.783 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

28 

32 

8 

STHIP 

1 

STRIP 

1 loioiolo 

75,783 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.btOO 

48 

52 

8 

STHIP 

1 

STRIP 

1 10101010 

75,783 

0.0 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.ttOO 

O.ttOO 


o o 
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O 


O 

HtAM CONNLCUVITY table. 


O 

O 

o 

o 

o 

o 

o 

o 


u 

o 

o 

• 

e 


o 

c 


BtA^ 

NO. JA JH JC 


101 

67 

66 

72 

102 

67 

66 

52 

103 

1U7 

106 

112 

104 

127 

126 

132 

105 

14 7 

14H 

152 

106 

16 7 

166 

172 

107 

187 

166 

152 

106 

207 

206 

212 

105 

22 7 

226 

232 

110 

6 

4 

13 

111 

26 

25 

33 

112 

46 

44 

53 

113 

66 

65 

73 

114 

86 

M4 

53 

115 

106 

1 05 

113 

1 l6 

128 

125 

133 

117 

146 

1 45 

153 

116 

168 

165 

173 

115 

166 

165 

153 

120 

206 

205 

213 

121 

228 

225 

233 

122 

5 

241 

14 

123 

25 

241 

34 

124 

45 

24 1 

54 

125 

65 

241 

74 

126 

65 

24 1 

54 

127 

105 

241 

114 

126 

125 

24 1 

134 

125 

145 

241 

154 

130 

165 

241 

1 74 

131 

169 

241 

154 

132 

205 

24 1 

214 

133 

225 

24 1 

234 

134 

251 

252 

0 

135 

251 

253 

u 

136 

252 

251 

0 

137 

230 

2S3 

0 

136 

10 

253 

u 

135 

251 

230 

0 

140 

252 

lu 

0 

|41 

251 

233 

0 

142 

252 

13 

0 

143 

230 

262 

u 

144 

10 

26 1 

0 

145 

253 

260 

0 

146 

26(1 

263 

0 

147 

263 

266 

0 

146 

266 

265 

0 

145 

265 

272 

u 

150 

261 

264 

0 


MAT. 

MAT . 

PHOP. 

PHOP 

NU. 

NAHt 

NU. 

NAPE 

6 

S1K1P 

1 

SIKIP 

6 

ST6IP 

t 

STHIP 

6 

ST81P 

1 

SiHiP 

8 

bl KIP 

1 

STkIP 

6 

STKIP 

1 

SIKIP 

6 

blNlP 

1 

SIHIP 

6 

SIKIP 

1 

SIHIP 

6 

STHIP 

1 

STHIP 

6 

6THIP 

1 

STHIP 

6 

bf NIP 

1 

SIHIP 

6 

SlKlP 

1 

SIKIP 

6 

STKIP 

1 

SIHIP 

6 

SlklP 

1 

SIHIP 

6 

bThiP 

I 

SlKlP 

6 

blHlP 

1 

SIHIP 

6 

blPIP 

I 

SiHiP 

H 

SIKIP 

1 

SIHIP 

6 

SIHIP 

1 

SIHIP 

6 

ST6IP 

1 

SIHIP 

6 

SIKIP 

1 

SIHIP 

6 

SIKIP 

1 

SIHIP 

6 

STHIP 

1 

SIKIP 

6 

STHIP 

1 

SIHIP 

6 

SIKIP 

1 

SIHIP 

6 

STHIP 

1 

SIHIP 

6 

STHIP 

I 

SIHIP 

6 

SIHIP 

1 

SIHIP 

6 

SIHIP 

1 

STHIP 

6 

•j 1 K I P 

1 

SlKlP 

6 

SiKiP 

1 

S 1 K I P 

6 

SIHIP 

1 

SIHIP 

8 

STHIP 

1 

SIHIP 

H 

SIHIP 

1 

SlHlP 

21 

IGhPP 

to 

LUNG 

21 

iGKPh 

10 

LUNG 

21 

I'.Hl’p 

10 

LUNG 

21 

IGHPP 

10 

LUNG 

21 

TGHPP 

10 

LUNG 

21 

IGHPH 

10 

LONG 

21 

U,HPH 

10 

LONG 

21 

T&HPh 

10 

LUNG 

21 

TGKPH 

10 

LONG 

21 

TGHPh 

10 

LOrjG 

21 

T&HPh 

10 

LONG 

21 

TGHPh 

10 

long 

21 

TGHPh 

10 

LONG 

21 

TGHPh 

10 

LONG 

21 

TGHPh 

10 

LONG 

2] 

TGHPh 

to 

LONG 

21 

TGHPh 

10 

LONG 


fixity llngth 

110101010 7S,7Bi 
llOlOlOlU 7S.7B3 
llOlOIOlO 75.763 
110101010 75.783 
llOIOlOlO 75.763 
110101010 75.763 
llOlOlOlO 75.763 
llOlUIOlO 75.763 
llOTOlOlO 75.763 

I 10.01010 7 7.655 
tlOtOlClO 77.655 
ItOlOlOlO 77.655 
llOlUlOlO 77.655 

I I 01 01 010 7 7.655 
110101010 77.655 
! 10101010 77.655 
110101010 77.655 
110101010 77.655 
110101010 77.655 
110101010 77.655 
110101010 77.655 
110101010 6?. 770 
IlOlOlOlO 6^.770 
llOlOlOlO 6^.770 
llOlUlOlU 6)?. 770 
110101010 62.770 
110101010 62.770 
ilOlOlOtO 62.770 
llOlOlUlO 62.770 
llOlOlUlO 62.770 
110101010 62.770 
llOlOlOlO 62.770 
llOlUlOlO 62.770 

lOOOOOOOuO 162.15 
lOOOUOOOOO 1J4.46 
lOOOoOOUOO 12<«.56 
lOuOUOOUOO 105.55 
lOOOOOOOOO 105.55 
lOOCOQOOOO 61.460 
lOOOOOOOOO 61.060 
lOOOOOOOOO 172.71 
lOOOOOOOOO 172.71 
lOOOUOOOOO 155.65 
1000009000 155.65 
lOOOOOOOOO 150.00 
lOOOOOOOOO 130.00 
lOOOUOOOOO 13U.OO 
lOOOOOOOOO 130.00 
lOOOOOOOOO 130.00 
lOOOOOOOOO 130.00 


o 


FIX 

NLI6HI 

TA 

TB 

TTA 

ITd 

T/A 

IZd 


0.0 

U.i:«00 

0.1 400 

0 .E 400 

0.1400 

0.1400 

0.1400 


0.0 

O.L^OO 

O.F 400 

0.1400 

0.1400 

0.1400 

0.1400 


0.0 

0.L«00 

0.1400 

0.1400 

0.1400 

O.ltOO 

0.1400 


0.0 

0.t«00 

0.1400 

0.1400 

0.1400 

0.1400 

U .8400 


0.0 

O.t^OO 

o.r 400 

0.1400 

0.1400 

0.1400 

0.1400 


0.0 

O.LtOO 

0.1 400 

0.1400 

u.1400 

0.1400 

U .1400 


0.0 

O.fctOC 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 


0.0 

0.l:«00 

0,8400 

0.14U0 

0.8400 

0.1400 

0.1400 


0.0 

0 t«00 

0.1 400 

0.1400 

0.1400 

0.1400 

0.1400 


0.0 

O.ttOO 

0.8400 

0.1400 

0.84(10 

0.1400 

0.8400 


0.0 

O.t^OO 

0.1 400 

0.1400 

0.6400 

0.8*00 

0.1400 


O.U 

O.L^OO 

0.1400 

0.1400 

0.1400 

0.1*00 

0.1400 


0.0 

O.LtOO 

0.140<) 

0.1400 

0.1400 

0.1*0o 

0 .1400 


0.0 

0.F*OO 

0.14UU 

0.1400 

0.1400 

0.1*00 

0.1400 


0.0 

0 .L*00 

0.1401/ 

O.E*00 

0.1400 

0.1*00 

O.L*UO 


0.0 

O.F^on 

•1.1400 

0.1400 

0,1400 

0.1*00 

O.L4UO 


0.0 

o.t»o« 

n.1400 

0.1*00 

0.1400 

0,1*00 

0.1*00 


0.0 

o.t^oo 

0.1400 

0.1400 

0.1400 

0.1*00 

0.1*o0 


0.0 

O.t^OO 

O .1400 

0 . 140 U 

0.1400 

0.1*00 

U.14U0 


O.U 

O.F^OO 

0.1400 

0.1400 

0.1400 

0.1*00 

0.1*00 


0.0 

0.k«0fl 

0.1400 

O.C 400 

0.1400 

0.1*00 

0.1*00 


0.0 

O.fctOO 

0.1400 

0.1400 

0.1400 

0.1*00 

0.1400 


0.0 

O.E«00 

0.1400 

0.l40» 

0.1400 

0.1*00 

0.1400 


0.0 

O.E«CO 

0.1400 

0 .E 4 OO 

0.1400 

0.1400 

O.l4U0 


0.0 

O.b^OO 

0.1400 

0.1400 

0.1400 

0.1400 

U.14O0 


0.0 

0.E400 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 


0.0 

9. £400 

0.1400 

0.1400 

0.1400 

0.1400 

0.14C0 


O.o 

0.£4U0 

0.1400 

0 . 14 OO 

0.1400 

O.ltOO 

U.14U0 


0.0 

0.L*O0 

0.841)0 

0 . 14 O 0 

0.1400 

o.itou 

0.l4U0 


0.0 

O.L400 

O.L400 

O.ltOO 

O.1400 

0.1400 

0.1400 


0.0 

0.h400 

0.1400 

O.E 400 

0.1400 

0,1400 

0.1400 


O.o 

O.L400 

0,1 400 

0 . 14 UO 

0,1400 

0.1*00 

0.14U0 


0.0 

0.L400 

0. 14110 

0.1400 

0.1400 

0.1*00 

0.1400 

H-b 

3.3 

0.1400 

0.L400 

0.1400 

0.1400 

0.1*00 

0.1*00 


2.5 

0.8-400 

(1 .1 4 1)0 

•).l400 

4). 1400 

0.1*00 

u.i*uO 

ri-H 

2.5 

0.1400 

0.1400 

0 . 14 CO 

0.1400 

0.1*00 

0.1*00 

6>H 

2.2 

0.1400 

0.1400 

0.1400 

0.1400 

0.1*0i 

0.1*00 

H-d 

2.2 

0.1400 

0.14U0 

0.1400 

0.1400 

0.1400 

0.1 400 

B-B 

1.7 

0.1400 

0.1400 

0.1400 

0,1400 

0.1400 

0.14U0 

d-o 

1.7 

0.1400 

0.1400 

0 .E 400 

0.1400 

0.1400 

u .l4uO 

b-B 

3.5 

0.1400 

0.14U0 

0.1400 

0,1400 

0 . 140 U 

0.1*00 

d-d 

3.5 

0.£400 

0.1400 

0.1400 

0.1400 

0.£:^00 

0.1*00 

d«d 

3.2 

0.1400 

0.1400 

0.1400 

0.1400 

0.1 . 1)0 

u.8*00 

B-d 

3.2 

0,1400 

u.1400 

0.1400 

0.1400 

0 . 140 U 

0.1*00 

Bob 

3.0 

0.1400 

0.1400 

0.1400 

0.1400 

0.l40() 

0.1400 

H-d 

2.6 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

8-d 

2.6 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

B«H 

2.6 

0.1400 

0.1400 

0 .E 400 

0.1400 

0 .C 400 

0.1400 

B.B 

2.6 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

S*B 

2.6 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 

0.1400 
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O 

O 

o 

n 

O 

e 

e 

o 

o 

o 

o 


o 

o 

o 

o 

o 

o 

o 

o 

D 


HE AN connectivity IAHLE 


htAN 

NU. JA 

28 

Jt 

NAT , 

NU, 

NAT . 

Name 

»*kiiP. 

NO. 

PHUP, 

NA"t 

T IXIT Y 

LENGTH 

Fix mlight 

TA 

TB 

I YA 

TYU 

T2A 

T28 

tbi 

264 

26 / 

0 

21 

1 GH 8 H 

10 

LONG 

lOOOUOOOOO 

1 30.00 

8-8 2.6 

O.t^OO 

O.EtOO 

O.EtOO 

U.EtOO 

O.EtOO 

O.CtOO 

15<! 

26 7 

270 

U 

21 

TGHI’h 

10 

LONG 

lOOOOOOOOU 

130.00 

H-d 2.6 

O.fc.'fOO 

O.EtoO 

O.EtOO 

O.EtUO 

O.EtOO 

O.ttOO 

153 

270 

273 

0 

21 

IGHPH 

10 

LONG 

1000000000 

130.00 

d «8 2.6 

O.E^OO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.ttOO 

154 

262 

2b5 

0 

2 l 

TGhPt- 

10 

LONG 

1 OOOUOOUOO 

130.00 

d »8 2.6 

O.b'fOO 

O.EtUO 

O.EtOn 

O.EtUO 

O.EtOO 

O.EtuO 

iSb 

265 

2 b 8 

0 

2 I 

TGHPh 

to 

LONG 

lOOOOOOOOO 

130.00 

8 -d 2.6 

O.E>00 

O.EtOO 

O.LtOO 

O.LtOO 

0 .£tOu 

O.LtuO 

156 

268 

271 

0 

21 

ICKPt- 

10 

LONG 

tOOCObOOOO 

130.00 

8-8 2.6 

0 .E«bO 

O.EtOO 

O.EtOO 

O.EtOO 

0 .EtOO 

O.LtOO 

157 

271 

274 

0 

21 

TGKPh 

10 

LUNG 

1000000000 

130.00 

8 -U 2.6 

0 .C «00 

O.EtoO 

O.EtOO 

O.EtOO 

O.EtOu 

O.CtOO 

158 

260 

2 bl 

0 

21 

TGPPH 

12 

PLAT 

lOOOoOOOOO 

76.740 

B- 80.60 

O.E^OO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOu 

O.LtOO 

15V 

263 

264 

0 

21 

IGwPH 

12 

PLAT 

lOOOOOOOOO 

78.740 

b-HO.80 

O.EcOO 

O.EtoO 

O.EtOO 

O.T too 

O.EtOO 

O.LtOO 

160 

266 

267 

0 

21 

Tghph 

12 

PLAT 

lOOOOUOOOO 

78.740 

8-80.80 

O.EcOO 

O.EtoO 

O.CtOU 

O.LtOO 

U.EtOO 

O.LtUO 

161 

26V 

270 

0 

21 

TGPPh 

12 

PLAT 

lOOOUOOOOO 

78.740 

8 - 80.80 

O.L-00 

O.EtOO 

0 .EtOO 

O.EtuO 

O.EtOO 

O.EtuO 

162 

272 

273 

0 

21 

Tgkph 

12 

PLA 1 

lOOOOUOOOO 

78.740 

H-HU. 8 U 

0.E«00 

O.EtOO 

O.CtOO 

O.T too 

O.EtOu 

O.ttOO 

163 

261 

2 b 2 

0 

21 

Tgkph 

12 

PLAT 

loooooonuo 

/8.74U 

6-80.80 

O.EcUU 

O.EtoO 

U.E too 

U.E too 

O.EtOO 

U.LtUO 

164 

264 

26 b 

0 

21 

IGhPH 

12 

PLAl 

1 OOOUOOilOO 

78.740 

8-80.80 

O.EtOO 

O.EtUO 

O.EtOO 

O.EtOO 

O.EtOO 

U.EtOO 

Ihb 

267 

2 bH 

0 

21 

K.HPh 

12 

PLAT 

lOOOUOOOOO 

78.740 

8-80.80 

O.LcOO 

O.EtOO 

U.EtOO 

U.EtOO 

O.EtOu 

U.EtOO 

166 

2 70 

271 

0 

21 

iGHPh 

12 

PLAT 

1 OOOtMIOUUU 

78. /4U 

b-rt 0 . 8 o 

O.t^UO 

O.EtOO 

U.EtOO 

O.ttou 

O.ttOO 

O.EtoO 

167 

273 

274 

0 

21 

TGhPH 

12 

PL AT 

lOOOUOOOOO 

78.740 

M-80.80 

O.ETOO 

o.t too 

0 .E t 00 

O.EtOO 

O.EtOO 

O.ttOO 

168 

26 c 

2 b » 

0 

21 

iGHPh 

12 

PLAT 

1000000000 

78.740 

8-80.60 

0 .b« 0 fl 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.LtOO 

16V 

265 

2b3 

0 

21 

IGHPm 

12 

PLAT 

1000000000 

78.740 

8-80.80 

0.E*0O 

O.EtOO 

O.EtOO 

O.EtOU 

O.EtOo 

O.CtOO 

17(1 

268 

266 

0 

21 

TGHPM 

12 

PLAT 

1000000000 

78.740 

8 -dU.HO 

0 ,E »00 

O.EtUO 

U.EtOO 

fl.EtoO 

O.EtOo 

0 .EtOO 

171 

271 

2 hV 

0 

21 

TGKPh 

12 

PLAl 

1 OOCuuOOuu 

78.740 

8-80.80 

C.E*00 

O.EtoO 

O.EtOu 

O.EtuO 

O.LtOO 

O.EtoO 

172 

274 

272 

0 

21 

Tgm'h 

12 

PLAT 

1 oolioooOOO 

78.740 

8 - 80.80 

0 .t* 0 (l 

O.EtllU 

U.EtOO 

U.EtOO 

O.LtOO 

O.CtOO 

173 

10 

262 

0 

21 

TbHPh 

1 1 

81 AG 

lOOOOUOOOO 

1V2.38 

8-60.76 

O.ETOO 

O.EtUO 

O.EtUO 

O.EtoO 

O.EtOO 

O.EtOO 

174 

230 

261 

0 

21 

TbHPh 

1 1 

OlAG 

lOOOOOUOOO 

1V2.38 

8*80.76 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O^EtOO 

O.LtOO 

175 

230 

26 0 

0 

21 

TGHPh 

1 1 

Oi AG 

lOOOOUOCOO 

183.6b 

8-80.73 

O.LtOO 

O.EtoO 

U.EtOO 

O.LtOO 

O.ttOO 

O.LtOO 

176 

253 

262 

0 

21 

IGHPh 

1 1 

OlAG 

lOOOOOOOOO 

16V. 41 

8-80.67 

O.LtOO 

O.EtoO 

U.EtOO 

U.LtUO 

O.ttOO 

O.LtOO 

177 

253 

261 

0 

21 

TGHPh 

1 1 

OlAG 

lOOOOOOOOO 

I6V.4I 

8-80.67 

O.EtOO 

O.EtUO 

O.EtOO 

O.EtOO 

O.EtOU 

O.ttOO 

178 

10 

2 b 0 

0 

21 

TGmPH 

1 1 

OlAG 

1 OiiOOOOOGO 

183.6b 

8-80.73 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtOO 

O.EtoO 

170 

262 

26 3 

0 

21 

TGkPh 

1 1 

OlAG 

lOOOOOOOUO 

Ibl.vv 

n-riU. 6 U 

O.LtOO 

O.EtUO 
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IfORCE = 0 LOCSlf 

H*STY s 0 IKSTNT 

IMbLUH r U IPSTHl 

IPhIMP s 0 IPBE AM 

IPUOF s 0 IPUISP 

IPSTnL s 0 IPMEML 

IPKU * 0 F 

FMAAA s O.OOOOLtOI 
*»T 1440441 . 

•»T 2,f0/// 144044 • 

•ft 3*»0/// 144044 . 


■ 0*7047E-«03 200 


* ?74 

* 4b3 

B mi9i 
S 6 

• I 

• O.IOUOOOt^ll 
246 TO NUOt 249 

c O.lOUOOOE«02 

IWGHTB = 0 

ITEMPH = 0 

LOCM = 0 

INOOT = 1 

LOCR s 0 

NRFhmk s 0 

IPNEF s 0 

IPMEMH ■ 0 

IPFgLU ■ 0 

IPOGLH ■ 0 

IPBML * 0 


O.OOOOE^OI 


INPUT DATA PROCESSED AND CHECKED. EXECLTION NOT RE8UE8TE0 
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